Indian jujube (Ziziphus mauritiana Lamk.) has been recognised as an underutilised plant worthy of further research and development by the Indian National Genetic Resources Programme and the International Centre for Underutilised Crops, UK. It is an important fruit crop of the hot arid regions in India as it forms an integral part of the life of the locals as a source of nutrition, fodder (leaves), fuel (pruned wood) and it has several ethnobotanical uses. In this study, 8 of the 10 principal growth stages based on the existing Biologische Bundesantalt, Bundessortenamt und Chemische Industrie (BBCH) scale were used to describe Indian jujube. These growth stages were (Krishna & Parashar, 2013) . Indian jujube is widely distributed in warm regions of the world but India is its main site of cultivation. Currently, it is grown over approximately 49,000 ha with 481,000 t production per year in India (Anon., 2017) .
It is an important fruit crop of the hot arid regions in India as it forms an integral part of the life of the locals as a source of nutrition, fodder (leaves), fuel (pruned wood) and has several ethnobotanical uses (Krishna & Parashar, 2013; Morton, 1987) Indian jujube is a spiny shrub or a small tree with ends of branches decurved or drooping. It has a characteristic shoot growth pattern which may be an adaptation to arid and semi-arid conditions.
It produces three types of proleptic shoots: vigorous, normal and spur-type by reiteration or following pruning of the previous season's growth. It also produces a dense canopy by sylleptic branching when conditions are favourable for growth, and shows rapid morphogenetic adjustments by the way of shoot tip abscission or dormancy of apical buds at the onset of drought (Kurian & Reddy, 1999 (Morton, 1987) . The leaf surface is glabrous above and dark-green in colour with three conspicuous, depressed, longitudinal veins originating from the base, which later converge at the tip (Krishna et al., 2014) . The plant sheds leaves and enters into dormancy for several weeks in hot summers (May-June in North Indian States) which is an adaptive mechanism to escape damage through desiccation during hot weather (Awasthi & More, 2009 and feijoa (Acca sellowiana, Ramírez & Kallarackal, 2018) . The phenological BBCH scale can be applied to orchard management practices such as canopy management, timing of nutrient and water management, pest and disease management and fruit harvest (Ramírez & Kallarackal, 2018) . Furthermore, the relationship between heat units' accumulation and plant growth processes can be a useful tool for predicting the crop phenological calendar (Mounzer et al., 2008) . Investigations have been conducted on the phenology of Chinese jujube (Z. jujuba) under subtropical Mediterranean climatic conditions (Hernández et al., 2015) . However, the phenology of Indian jujube has not been reported in detail. Thus, the aim of the current investigation is to describe the phenological growth stages of Indian jujube according to the BBCH scale and to determine the heat requirements of the plants to attain various phenological stages under hot arid conditions in Rajasthan, India.
| MATERIALS AND METHODS
The present study was carried out on 14-16 years old cultivar "Gola" 
, when Tm > Tb,
where DD is the degree days, TM is the maximum daily temperature ( C), Tm is the minimum daily temperature ( C) and Tb is the base temperature ( C).
| RESULTS
In this study, 8 of the 10 principal growth stages (PGSs) based on the existing BBCH scale were used for describing Indian jujube. These 73. Fruit at 30% of final size.
74. Fruit at 40% of final size.
75: Fruit at 50% of final size.
76. Fruit at 60% of final size. 
| DISCUSSION
Knowledge of the phenological stages of Indian jujube will guide the growers as to when to carry out management practices such as canopy training and pruning, nutrient and water application, pest and disease control and post-harvest processing (Kishore, 2018) .
Management of physiological disorders in Indian jujube could also be effectively achieved by an understanding of phenophases. For example, Krishna, Sharma, Bhargava, and Singh (2016) reported that delay in harvest, especially after mid-February, may result in manifestation of the boron-related disorder "stylar end browning" in "Chhuhara" ber.
Therefore, this variety may be harvested at an optimum stage of fruit maturity when fruit are of sufficient size and appearance (typical of FIGURE 3 Mean rainfall and evaporation rate during the studied period (2015) (2016) (2017) this variety). Furthermore, the study of crop phenology has become more important because of climate change. Climate change can alter the duration of a crop cycle such that adjustments in timing of various crop management practices are required (Hall, Mathews, & Holzapfel, 2016; Olesen et al., 2011; Ramírez & Kallarackal, 2015) .
Temperature greatly influences plant phenology (Mendes et al., 2017; Mounzer et al., 2008) . For each cultivar of Indian jujube, the requirement for fruit growth and development can be calculated in terms of degree days (Pareek et al., 2009) . In the present study, cv. Gola required 1,652.5, 300.8, 1,343.9, 807.8, 576.6, 1,651.8, 325.9, 1,532 .9 degree days for the principal growth stages 0, 1, 3, 5, 6, 7, 8 and 9, respectively (Table 1) . Gupta, Gill, and Babuta (2015) reported that cv. Gola required 1976, 2,889, 3,027, 3,252 and 3,769 degree days for the phenological stages of flowering initiation, full bloom, fruit set initiation, fruit set and fruit ripening, respectively, under semi-arid conditions. These values are different from those reported here and this could be due in part to differences in determining growth stage between the two studies. Gupta et al. (2015) did not define growth stages based on the BBCH scale. Furthermore, the degree days calculation in the study conducted by Gupta et al. (2015) was based on a base temperature of 10 C in contrast to the present study where it was 4 C.
Indian jujube can withstand extremely high summer temperatures and is found to grow well in regions having maximum temperatures of for ripening of cv. Gola. In our study as well during the fruit ripening, the minimum and the maximum temperatures were noted to be 8.9
and 27.9 C, respectively, with an average of 18.4 C (Figure 2 ).
The Indian jujube trees shed leaves and enter into dormancy during the extremely hot summers. At this phenophase, the canopy pruning can be done as this will ensure minimum sap loss from the exposed cut portions of the shoots. The bud swelling and subsequent vegetative growth of Indian jujube plants begins with the premonsoon rain (May-June). Indian jujube requires on average 35 days to accumulate 1,143.7 degree days to break dormancy and start bud swelling (Table 1) . Kara (2015) was of the view that growing degree days should be considered to adjust management practices and thus, maturity periods of crops for improved yield. Therefore, in years when a pre-monsoon shower does not occur or is delayed, irrigation may be given to jujube trees in order to avoid any delay in bud break. Also, because Indian jujube trees begin vegetative growth with the onset of pre-monsoon showers, nutrients can be applied at this time. Phenophases such as inflorescence emergence and flowering in Indian jujube coincide with the availability of maximum water (monsoon rains), which is during July-August. This is evident from the weather data presented in Figure 3 . Indian jujube completes the fruit development phase during the period of least evaporation, that is, from October to January (Figure 3 (Vashishtha, 2001 ). This aspect of crop development was not investigated here and needs more research. Mounzer et al. (2008) confirmed that use of growing degree days, which express phenological stages on a standardised scale, rather than the number of days or a calendar, permits comparisons to be made between different years and geographical areas (Hall et al., 2016) . Therefore, further research is required to understand the impact of temperature in conjunction with other environmental factors on phenology of Indian jujube.
Understanding the phenology and ascertaining climatic requirements are necessary for development of management practices in order to expand the commercial cultivation of this underutilised crop (Mendes et al., 2017) .
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